Disinfection by-products in tap water have been found in some studies to be associated with adverse pregnancy outcomes, but little is known about how water use and consumption might change during early pregnancy. Estimating water-related activities only at one time during pregnancy could easily lead to exposure misclassification. To evaluate changes in water use among pregnant women, we used data from a large epidemiologic study in which 1990 women were interviewed around 9 and 20 weeks' gestation. The water variables that were examined included ingestion of cold and hot tap water as well as of bottled water, showering and bathing. Changes were detected between early and mid-pregnancy for ingested cold tap water and showering. Thirtythree percent of the subjects changed cold-water ingestion by Z1.0 liters/day and 44% changed their time showering by Z35 min per week during this period. Increases in cold tap water intake were associated with age 435 years, income o$40,000, and non-Hispanic white ethnicity. We also found that the proportion of the total variation due to within-subject variability was 62% for hot tap water ingestion but only 35% for showering and B50% for cold tap water, bottled water and bathing. Limited resources in epidemiologic studies often require a decision between collecting data for a large number of people or collecting multiple measurements for a smaller number of people. The results in this study will be useful to researchers who need to determine where to invest their effort when assessing water-related exposures and should help in evaluation of previously performed studies.
Introduction
Exposure assessment based on self-reported data has an inherent potential for bias due to inaccurate reporting, increased awareness of behavior from participating in a study, or actual changes in exposure over time. Studies of pregnant women are particularly susceptible because the lifealtering event of pregnancy might cause direct changes in selfawareness and intentional changes in behavior over a relatively short-time period. Previous research has suggested that exposure to disinfection by-products (DBPs) in public tap water may be associated with adverse pregnancy outcomes (Nieuwenhuijsen et al., 2000; Graves et al., 2001; Bove et al., 2002) , but many of the existing studies have relied solely on concentration of DBPs in municipal water sources, potentially resulting in exposure misclassification by ignoring variation in behaviors (Waller et al., 2001; Wright and Bateson 2005; Wright et al., 2006) . Recent improvements in exposure assessment have resulted in collection and integration of information about individual women's water use habits . However, changes in water use over the course of pregnancy might necessitate a data collection protocol that incorporates such changes or one that measures exposure at the appropriate point in time to best reflect the exposure during the critical time period relative to specific pregnancy outcomes.
There are several previous studies describing the variation of water use in different populations (Windham et al., 1992; Shimokura et al., 1998; Williams et al., 2001; Zender et al., 2001; Barbone et al., 2002; Kaur et al., 2004; King et al., 2004; Forssen et al., 2007) , but only three have examined changes in water use during pregnancy (Windham et al., 1992; Shimokura et al., 1998; Barbone et al., 2002) . Shimokura et al. (1998) assessed the variation in water use based on a 3-day diary among pregnant women in the US. Barbone et al. (2002) examined longer-term changes by comparing water use questionnaire data among Italian women at a late stage of pregnancy to that reported after delivery. Both studies were, however, based on a limited number of subjects and focused on the follow-up and third trimesters of the pregnancy. It is unknown which pregnancy period might be most relevant for a potential effect from DBPs, and if there are critical exposure windows, they might vary for different outcomes. If exposure early in the pregnancy or around the time of conception is important for certain outcomes, undetected changes in exposure during this period could lead to misclassification and biased inference. One previous study has briefly addressed changes in water consumption during early pregnancy (Windham et al., 1992) but only as part of a report of an epidemiologic study limited to ingested water. None of the previous studies have examined changes in a wider range of water-related activities during the early stages of pregnancy, nor do they identify predictors of changes in water activities.
In the present study, we describe early pregnancy changes in tap water ingestion, showering, bathing and consumption of bottled water as reported by a large group of pregnant women from a multiethnic population in the US. The main objectives were to describe the magnitude and direction of changes in water use in the population, to estimate the proportion of total variation attributable to variance between time and between individuals, and to examine sociodemographic variables and health-related behaviors as predictors of changes in water use and consumption.
Methods
We used telephone interview data collected between December 2000 and May 2004 for a large epidemiologic study of DBPs and pregnancy health (Promislow et al., 2004; Savitz et al., 2006) . In that study, 2413 pregnant women supplied by three different public water systems were recruited through private and public prenatal care venues and from the community at large through targeted mailings and posters in public places. Subjects were eligible if they were at least 18 years of age and r12 weeks pregnant, did not have any fertility treatment for the study pregnancy and intended to deliver in the study area. Each participant was interviewed by a trained interviewer two times. The initial interview was completed at around 9 weeks of gestation, and the follow-up interview at around 20 weeks of gestation. The subject recruitment and data collection procedures are described in depth elsewhere (Promislow et al., 2004; Savitz et al., 2006) . For this study, we used information only from women who were still pregnant at the time of the follow-up interview to avoid potential recall bias related to having experienced a pregnancy loss.
Both interviews included the same questions about current showering and bathing habits (how often and how many minutes each time) and consumption of ingested cold tap (how many glasses of cold tap water per day, including cold drinks made with tap water and usual glass size), hot tap (how many cups of drinks made from hot tap water per day and usual cup sizes) and bottled water (how many glasses/ bottles of bottled water per day and usual glass or bottle size). Data for ingested cold and hot tap water were collected for home and work separately only if the participant was working in a different water system area than the one serving her home. This was to enable specific DBP exposure assessment for the study on pregnancy outcomes . Hence, not all women had information about consumption at home and at work separated, therefore ingested tap water consumption was defined as the total consumption at home and at work in this study. In the initial interview, participants were also asked if they had changed their consumption of ingested cold and hot tap water by more than two glasses per day some time within the 4 months before the interview. The answers from those questions were used to create a third observation time, prior to the initial interview, for which water use and consumption was estimated. During the interviews, the participants were asked to define their glass or cup sizes according to three options; small (0.1-0.3 l), medium (0.4-0.6 l) or large (0.7-1.0 l) for cold tap and bottled water and small (0.1-0.3 l), medium (0.3-0.5 l) or large (0.5-0.7 l) for hot water. The median value for each size range was used to estimate water consumption.
On the basis of this information, we calculated the amount of ingested cold and hot tap water three times during the pregnancy, herein referred to as ''pre-pregnancy'' (prior to the initial interview), ''early pregnancy'' (the initial interview) and ''mid-pregnancy'' (the follow-up interview). It is important to note that the pre-pregnancy variables were based on retrospectively collected data and might therefore be less reliable than the estimates from the interview. Bottled water, bathing and showering were considered only at two times (early and mid-pregnancy). We evaluated several demographic variables as potential predictors of change in water use: age, education, race, marital status, income and employment. We also constructed a healthy behavior index by adding one point for each of the six behavior-related activities that was reported at the initial interview: caffeine intake o150 mg per day, use of vitamins, engagement in recreational exercise and abstinence from smoking, alcohol and illicit drugs. Caffeine intake was calculated by estimating the caffeine content (Bunker and McWilliams 1979) of reported coffee, tea and soda consumption using the cup or glass sizes reported in the survey. The questions were specifically asked to capture the caffeine intake, not total fluid intake.
Statistical Analysis
We calculated the proportion of women who made no change, increased or decreased their consumption of water and time spent showering and bathing between early and mid-pregnancy. For ingested hot and cold tap water, the same proportions were calculated also for the change between pre-pregnancy and mid-pregnancy. Information on the proportion of water intake that was filtered was only captured in the initial interview (early pregnancy); therefore, we examined ingested tap water as total intake of unfiltered and filtered tap water in this study. The total sample size for each examined variable was determined by the number of women providing information at both times, regardless of whether they made a change. The magnitude of change was analyzed according to categories based on the 50th and the 90th percentile of the absolute values among those who reported a change.
To assess the concordance between measurements at different times, we calculated Pearson's correlation coefficients and weighted kappa (k)-coefficients. To calculate k, water values were categorized by their distributions. For ingested cold tap water, we categorized values into quintiles, but for other water activities, such as bathing, a large proportion of the study subjects reported no use at all and for these variables different percentiles were used for the categorization based on each particular distribution. Bathing and ingested hot tap water were categorized according to the 70th, 80th and 90th percentiles. We used the 50th, 70th, 80th and 90th percentiles for bottled water cutpoints and the 10th, 50th, 70th and 90th percentiles for showering.
We used mixed regression models to evaluate how much of the total variability in showering, bathing and water intake was due to variance between individuals compared to variance between the different times (within individuals), fitting a random intercept model for each of the water variables. For ingested cold and hot water, we also fit additional models including the pre-pregnancy time as well as the two interviews. As the question used to assess the prepregnancy consumption based on whether the subjects had made a change larger than two glasses per day, we adjusted the change between early and mid-pregnancy in these analyses by setting the amount at the mid-pregnancy to equal the amount at the early pregnancy if the change between these two times was two glasses or less.
We analyzed the demographic variables and the health index as potential predictors of changes, using linear regression models in which the outcome variable was the difference in water use between pre-pregnancy and early pregnancy or between early pregnancy and mid-pregnancy. In a previously published work (Forssen et al., 2007) , we found that season had a strong impact on water use and consumption. Season was, therefore, adjusted for in the regression models in this study. To evaluate effects of changes in season, the time between the two interviews was also considered for inclusion in the models but was not included because it had minimal effect on any of the water variables. On the basis of these findings, only season as registered at the initial interview was included.
All the non-water variables (predictors) were analyzed as defined in the initial interview, and all the linear regression models were additionally adjusted for level of consumption or use at the initial interview. The reference category was chosen to be the one with the largest number of subjects, as shown in Table 1 . All analyses were performed using SAS version 8.2 (SAS Institute, Inc., Cary, NC, USA). 
Results
A total of 1990 women still pregnant at the second interview were included in this study. The mean maternal age was 28 years and the majority of subjects were non-Hispanic white, married, highly educated and employed during pregnancy (Table 1 ). The median gestational age was 9 weeks at the initial interview (10th and 90th percentile ¼ 6 and 12 weeks) and 21 weeks at the follow-up interview (10th and 90th percentile ¼ 19 and 23 weeks, data not shown). The median time between the two interviews was 11 weeks (10th and 90th percentile ¼ 8 and 15 weeks). The gestational age arithmetic means were identical to the median values for all three of these measures. Table 2 presents the estimated mean and median values for ingestion and time spent showering and bathing for early pregnancy, mid-pregnancy and prepregnancy, when available. The differences in mean values between early and mid-pregnancy were generally small. For the variables estimated prior to pregnancy (ingested cold and hot tap water), the difference between the mean consumption was slightly higher from prior to early pregnancy compared to difference between early and mid-pregnancy.
Pre-Pregnancy to Early Pregnancy
Between the time prior to pregnancy and the initial interview, 23% percent of the women reported having changed their ingested cold tap water intake (data not shown). Seventeen percent reported an increased intake by at least 0.5 liters/day, resulting in a total average increase of cold tap water by 0.22 liters/day (95% CI: 0.19-0.26) among all the subjects (calculated as the mean of the subjects' individual difference in consumption, data not shown in table). For hot water intake, only 3% (n ¼ 63) reported making a change (data not shown) of whom almost all (n ¼ 58) reduced their intake, with an average reduction of 0.73 liters/day (95% CI: 0.57-0.88). The average change in ingested hot water among women in the aggregate was therefore small: À0.02 liters/day (95% CI: À0.01 to À0.03).
Early Pregnancy to Mid-Pregnancy
The changes in water use between the initial interview (at early pregnancy) and the follow-up interview (at midpregnancy) are presented in Table 3 . The largest differences were reported for ingested cold tap water, for which 80% of women reported changes in consumption. Thirty-three percent of these women reported a change (increasing or decreasing) equal to or larger than 1.0 liters/day between the two interviews. Increased reported intake was evident across all categories for cold tap and total water intake. In contrast, decreases in reported showering duration (37%) were more frequent than increases (24%), with a total of 44% of the subjects reporting a change (increasing or decreasing) in their showering time by 35 min or more per week. The mean time spent showering among all subjects decreased by 14 min per week (Table 2) . This decrease was due to both an average reduction in the number of showers per week (1.4 times per week; 95% CI 1.3-1.6) and an average reduction by 3.8 (95% CI: 3.5-4.0) minutes per shower (data not shown). Only 42% of the women reported bathing at either the initial or the follow-up interview, whereas 97% reported taking showers at least at one of the times (data not shown). The 463 women who reported taking baths at both interviews reduced their absolute number of baths by 2.5 times per week, which resulted in an average decrease of 2 min per week among all women (Table 2) . Between the two interviews, there was some variability in employment status across subjects (data not shown in tables): 57% were reported working at both times, 24% were not employed during pregnancy, 9% stopped working, 4% starting working between the initial to the follow-up interview. The group that stopped working reported slightly more cold-water consumption and a larger decrease in reported bathing and shower time at the follow-up interview.
Within-and Between-Subject Variability
Weighted kappa (k)-statistics for agreement between water use measures at different times depended strongly on the water variable of interest (Table 4) . Applying the descriptive ratings of k suggested by Landis and Koch (1977) , we observed ''fair'' agreement for total ingested water intake comparing early to mid-pregnancy (k ¼ 0.28 (0.25, 0.31)), ''moderate'' agreement for ingested cold (k ¼ 0.41 (0.38, 0.44) and hot (k ¼ 0.42 (0.38, 0.48)) tap water intake as well as bottled water intake (k ¼ 0.43 (0.40, 0.46)) from early to mid-pregnancy, and for time spent showering from early to mid-pregnancy (k ¼ 0.43 (0.40, 0.46)). We observed ''substantial'' agreement for time spent bathing from early to midpregnancy (k ¼ 0.62 (0.59, 0.66)) and for ingested cold tap water intake from pre-pregnancy to early pregnancy (k ¼ 0.77 (0.75, 0.79)), and we observed almost ''perfect'' agreement for ingested hot tap water intake from prepregnancy to early pregnancy (k ¼ 0.95 (0.94, 0.96)). The Pearson's correlation coefficient between early and mid-pregnancy was approximately 0.50 for cold tap, bottled water and showering, slightly lower (0.37) for hot tap water, and higher (0.71) for bathing. For the earlier period (prepregnancy to early pregnancy), the correlation coefficients were substantially higher (0.83 for cold tap water and 0.98 for hot water).
The within-subject variability and between-subject variability according to our mixed model results (Table 5 ) was approximately 0.50 for cold tap water, bottled water and bathing during early pregnancy to mid-pregnancy. The proportion of the total variation due to within-subject variability from early to mid-pregnancy was larger (62%) for hot tap water intake, but smaller (35%) for showering. The within-subject variability decreased when the prepregnancy was introduced in the models for cold and hot tap water.
Multivariate Predictors of Changes in Water Use
In the linear regression model of changes in cold tap water between early and mid-pregnancy (Table 6) , an increase was associated with healthier (i.e., higher) behavior scores, income o$40,000, non-Hispanic white ethnicity and age 435 years. However, between pre-pregnancy and early pregnancy, older women reported an average decrease in cold tap water consumption. Hispanic women increased their intake of bottled water during early to mid-pregnancy by about 0.3 liters/day compared to other ethnic groups. There was also a large increase (0.38 liters/day) of bottled water ingestion detected for women who were not married or single (''other''), although this estimate was based on a small number of subjects (3% of women, Table 1 ). Lower education, non-Hispanic Black ethnicity and healthier behavior scores were associated with increased time spent bathing by about 25 min/week between the two interviews. None of the examined predictors were associated with significant changes in time spent showering.
Discussion
In this study, we described the magnitude and direction of changes in water use and consumption in the early stages of pregnancy. We found that the differences between measurements over time in the overall mean values were relatively small, but the total proportion of women making a change was substantial in some cases. The most notable changes were detected for ingested cold tap water and time spent showering. Eighty percent of women reported a change in cold tap water consumption for early to mid-pregnancy, whereas 60% reported a change in showering. The changes were also reflected in relatively low Pearson's correlation coefficients (r0.57) between early-and mid-pregnancy for ingested water and showering. The weighted k-coefficients were used to evaluate the correlation between different times with higher weights given to larger discrepancies between paired categories and provided generally lower estimates. The correlations were much higher for pre-to early pregnancy than for early to mid-pregnancy. This is likely in part due to the restriction made for the change in consumption between pre-and early pregnancy, as consistency only required not reporting a change of more than two glasses per day. We also found that the difference between the mean consumption at pre-pregnancy and the mean consumption at early pregnancy was larger than the difference between the early and midpregnancy means, but this was due to a small number of subjects reporting large changes during the first interval (data not shown). In epidemiologic studies, resource limitations may require a tradeoff between a one-time data collection for many people once or collection of additional data on fewer people several times to accurately assess exposures. The within-and between-subject variability in this study was examined to help determine the best approach in studies of water-related exposures during pregnancy. We found that although a large proportion of the women changed their time showering by more than 35 min/week between early and mid pregnancy, most of the total variation in reported showering (65%) was found between subjects. We examined the impact of an additional measurement by adding the pre-pregnancy water use information to the early and mid-pregnancy measures in the mixed regression model. We found that the proportion of Changes in water use during pregnancy Forsse´n et al.
the total variation due to within-person variation in hot water intake decreased from 0.52 to 0.38 (adjusted model) upon inclusion of the pre-pregnancy data. Again, it is important to note that the changes made in the early period for this particular variable were due to large changes among a small proportion of the subjects. Only 3% changed their hot water consumption from pre-to early pregnancy but the average change among these subjects was 0.7 liters/day. The sociodemographic and health-related variables as predictors of changes in water use showed no consistent differences in behavior. An increase in cold tap water intake between early and mid-pregnancy was predicted by older age (435 years), lower income (o$40,000) and non-Hispanic white ethnicity, whereas Hispanic ethnicity was predictive of increased bottled water intake. Healthier behavior (as indicated by the healthy behavior index) was associated with increased cold tap water ingestion and increased time spent bathing and might be an indication of increased awareness during pregnancy. In these analyses, each behavior variable was, however, given equal weight in the index and changes in other water variables might have been found using a different weighting method.
Only three previous studies have examined patterns of tap water use over time among pregnant women (Windham et al., 1992; Shimokura et al., 1998; Barbone et al., 2002) . Windham et al. (1992) conducted an epidemiologic study in which they also examined changes in tap water consumption between the time before pregnancy and the time of an interview performed after either pregnancy loss (cases) or delivery (controls). They found that both cases and controls were more likely to report increased rather than decreased consumption of tap water during pregnancy, which in generally is in line with our findings. Barbone et al. (2002) examined water use during late pregnancy in relation to water use after delivery among pregnant women in Italy. They reported an average total ingested water estimate (tap and bottled) of 2.7 liters/day that is similar to our mid-pregnancy estimate (2.6 liters/day), and their Pearson's correlation coefficient (0.58) for late and post-pregnancy estimates of total ingested water was similar to the estimate in our study of correlation between early and mid-pregnancy (0.53). Shimokura et al. (1998) compared a 3-day diary with a questionnaire among pregnant women in the US. They reported a lower average total water intake of 1.9 liters/day and also reported a much lower average level of unfiltered tap water intake (0.8 liters/day) compared to our study (1.3 liters/day, data not shown). Both Barbone et al. and Shimokura et al. also found that the between-subject variation was larger than within-subject variation for total water intake, showering and bathing. This was supported by the results in our study in which we found that almost 60% of the variation was due to between-subject variation for total intake. However, we also found that apportioning total ingested water into cold tap, hot tap and bottled water components, the proportion contributed by betweensubject variation was lower (0.38) than for within-subject variation for hot tap water and about equal for cold tap water. Table 4 . Weighted k-coefficients and Pearson's correlation coefficients with 95% confidence intervals measuring changes of water use activities at initial interview (early pregnancy), at the follow-up interview (mid-pregnancy) and prior to initial interview (pre-pregnancy). Changes in water use during pregnancy Forsse´n et al.
Duration of showering and bathing in our study was 14 and 25 min, respectively. These averages were similar to the Barbone (12 and 21 min) and the Shimokura studies (12 and 23 min). However, the correlations detected between interviews in our study were smaller than in the Barbone et al. study, particularly for showering (0.58 in our study compared to 0.79 in the Barbone study). The deviation in correlation between the Italian study and ours could be due to differences in the pregnancy time span considered. The median interval between the interviews was 20 days in the Barbone et al. study compared to 83 days in our study from which one would expect a lower correlation. Stratification on time between the interviews in our study did not change our results (data not shown). An alternative explanation for these differences could be that changes in water use might be more common during earlier stages in the pregnancy as investigated in our study, as the study by Barbone et al. only examined later stages of pregnancy.
A limitation of our study is that we did not have water diary data or other data available to validate the information collected via questionnaires. Three previous studies have evaluated questionnaires among pregnant women as a tool for assessment of tap water use by comparing questionnaires to diaries (Shimokura et al., 1998; Barbone et al., 2002; Kaur et al., 2004) . These studies have found good agreement between the two survey instruments and concluded that questionnaires were a valid method to assess water use activities. Despite the encouraging results from these other studies, we did not make direct comparisons between questionnaires and diaries in our population, and thus the applicability of their findings to our population is uncertain. Other study limitations were the retrospective data collection for the pre-pregnancy information, which could cause recall bias and the questionnaire data restriction to changes of more than two glasses per day. Also, the trained interviewers in our study could differ between the two interviews for each subject, which may increase the variability in reporting over time. The questionnaires were, however, standardized and included detailed instructions, which should have minimized the impact of different interviewers.
There are several strengths to our study, including the recruitment of a large, diverse population with a wide demographic spread, and comprehensive questionnaires that provided detailed individual information on water use and consumption among pregnant women. Furthermore, all women were still pregnant at the follow-up interview, minimizing the risk for recall bias and influence of other changes associated with adverse pregnancy outcomes. Another study strength was nearly complete responses for all variables queried that resulted in minimal missing data. This is also the first study to extensively examine the changes in use and consumption in the early stages of pregnancy, Tables 2 and 4 . This is because the analyses in Tables 2 and 4 require all subjects to have data at all times, whereas the mixed regression model uses information also for subjects with one observation missing.
a If the change between initial interview (early pregnancy) and follow-up (mid-pregnancy) was less than 2 glasses, the amount at the follow-up interview was set equal to the amount at the initial interview.
Changes in water use during pregnancy Forsse´n et al. Table 6 . Mean change and P-value (P-value o0.05 bolded) between prior to pregnancy, early in pregnancy, and mid-pregnancy for cold and hot tap water, bottled water, showering and bathing in relation to demographic variables and health behavior index. As reported at initial interview. c One point assigned for each of the following: r150 mg caffeine per day, vitamin use, no smoking, no alcohol, recreational exercise and no use of illicit drugs.
including data on pre-pregnancy water intake. The changes in water use patterns that were found in our study could result from actual changes in behavior or from random variability in reporting. The changes in cold-water intake were, however, quite large (50th percentile 41.0 liters in Table 3 ) that indicates that measurement error alone is an unlikely explanation for the findings. Further evidence from previous questionnaire validation studies (Shimokura et al., 1998; Kaur et al., 2004) suggests that the large variation found in our study is more likely to reflect actual changes rather than inaccurate reporting.
The results in our study suggest that the self-reported intake and use of tap water varies considerably during the course of early pregnancy and that future studies on DBP or other contaminants in tap water might, therefore, consider collection of data at multiple times to provide information necessary to accurately assess exposures. Regardless of whether the reported increases and decreases in water use were intentional, perhaps even related to study participation, or more reflective of random variability, they could lead to considerable misclassification of water-related exposure if studies rely on only one reporting period to reflect exposure throughout pregnancy. The direction of misclassification caused by changes over time depends on the specific exposure (e.g., DBPs) of interest, the route(s) of the exposure, and the critical pregnancy time period that is being examined. Our data suggest that exposures mainly occurring through ingestion, such as non-volatile haloacetic acids, would on average be overestimated for the pre-and early pregnancy if they were measured at mid-pregnancy (assuming constant contaminant levels over time). In contrast, DBPs that are more dependent on dermal and inhalation exposures (e.g., the volatile trihalomethanes) would tend to be underestimated if decreases in activities such as showering during pregnancy are not captured. These findings should be useful for future researchers in deciding on the best strategy for assessing water-related exposure data among pregnant women.
